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Introduction

Our god isto survey pi steradians of the North Gaactic Cgp and obtain one million galaxy redshifts
and 100,000 quasar redshifts. All of the systems have been designed to meet thisgoa. To forecast the
rate of covering the sky, we have devised amodd that isintended to capture the key limiting factors.
We have carried the projection out to afive-year survey duration, which we cdl the Five-Y ear Basdine
Plan, or “basdine’ for short. It suggests that more than five years will be required to reach the godls.
The basdine has proven to be a useful tool for evaluating our progress to date.

The origind basdine plan for the five-year survey was completed on April 1, 2000 and was included
as the Appendix to the Quarterly Report: January 1,2000 to April 11, 2000. (dated June 7, 2000). We
dated in the basdine plan. “Aswe gain more experience in survey operations and can refine the
elements of this projection (the basdine plan), we will revise the plan accordingly.” Asof January 4,
2001, the Operations phase of the Survey has been underway for nine months and with that experience
we are revising the way the basdline plan is presented. There are two reasons for this. First we need a
more complex modd to track the Southern Survey, which by itsdf is actudly two digtinct surveys, and
second, we need to properly account for the overlaps when we convert from hours of observations to
effective square degrees of imaging.

Northern Survey

The progress of the SDSS is being eva uated with respect to a projection that accounts for the
available observing time and how efficiently we useit. The basdine for the five-year survey was
derived from amodd for the survey of the Northern Galactic Cap that takes asinput the number of dark
hours in each quarter, the relative alocations of that time to imaging and spectroscopy, and various

efficiency factors. The mode provides the total hours spent collecting data separately for imaging and



gpectroscopy. These two numbers can then be converted into square degrees and plates, which dlows a
graightforward comparison with the data actudly collected.

It isimportant to know how the imaging survey is donein order to appreciate some of the
complications (and nomenclature). Areaof sky is covered by scanning dong a pre-defined set of great
crdes. In the end, the imaging survey will cover afootprint of Sky whichisdliptica in outline and
which avoids obscured directionsin the Milky Way. A particular observationiscdled a“run’: itisa
part of one of the great circles, the beginning and end of which is determined by the date of observation,
the specific time on that night the atmaosphere permitted good seeing, etc. Runswill be overlapped to
avoid leaving holes, and the amount of repeat scanning need to be accounted for. Eventudly the whole
of the great circle within the footprint is covered.

In more detall, the camera congsts of 6 columns of detectors, each of which scans anarrow swath
cdled ascanline. Each scanlineis 2048 pixels wide; since a pixel subtends 0.4 arcsec perpendicular to
the scan direction, ascanline is 13.6 arc minutes (0.23 deg) wide. The scanlines are separated by gaps
that are 90% of the width of a CCD detector, such that a second run can fill in the gaps with a bit of
margin to spare. (Thismargin is needed because the telescope tracking is done open-loop.) A st of six
scanlinesis caled agrip; the interlaced pair of stripsiscaled astripe. A stripeisabit over 2.5 degrees
wide. Having both strips of a stripe is necessary for the subsequent selection of spectroscopic targets,
which means that the area covered by the stripes at any point in the survey isthe “coin of the redim.”

Just as the scanlines overlap by about 10% of their width, so too the stripes overlap by afew arc
minutes for the same reason: to alow for margin in the telescope pointing and tracking. The overlap
between neighboring stripes varies depending on position aong them because they are each centered on
agreet circle: the system of gresat circles of course converges a the poles. The minimum overlgp isa
the equator of the system of grest circles, we defined the system such that stripes are separated by

exactly 2.5 degreesthere.



In summary, while the camera actualy observes 20.5 square degrees per hour in terms of pixels on
the Ky, the effective rate of covering sky within a2.5 degree-wide stripe is 9% less, or 18.75 square
degrees per hour. The details of stripe-to-gtripe overlap depend on the fina geometry for the survey
footprint, i.e. how close to the poles each stripe gets. The net overlap due to convergence of the stripes
towards the polesis about 25%. The practical consequence isthet to cover the whole area we need to
scan about 25% longer than would be suggested by the formula 10,000 degf/18.75 deg’/hr=533 hours.

Not dl of the imaging data obtained meet the qudity standards of the survey - some data are rejected
because the image qudity is sub-standard, or because there is evidence that the sky was not uniformly
trangparent, or for some other reason. Thus as the data move through the pipdines, some data are
rejected and that part of the sky will need to be reobserved.

To capture the nature of the way the data are collected and processed, we have devised a hierarchy
of categories, each of which istracked. These categories have the following definitions:

1. Gross— Totd areascanned reported in idReport files. Thisisthe sum of the area of the science
runs that are good enough to be candidates for data processing. In the context of SDSS data
processing this should be the area that one computes by scanning dl the idReport filesin the
“golden directory”.

2. Net—"Totd” areathat has been successfully processed through the image pipelines. The
excluded areaincludes ramp-up frames and the frames were regjected due to bad tracking, clouds,
setup time, or bad seeing. Net areaisthe area of sky that is stored in the Operations Database.

3. Good —“Net” areathat passes QA testsfor seeing, tracking, and photometricity. This satigtic is
not reduced by overlaps.

4. Unique—"“Good” areathat is corrected for overlaps between separate runs on the same stripe

scans and that lieswithin the officid survey area. Thisis one of the datigtics that is used to track



progress againg the basdline and it was the satistic that was used to define the basdine of April
2000.

5. Footprint —“Unique’ area after removing overlap of stripes due to the convergence of the great
crcles. Thisisultimately the areaof sky that the survey has covered and it is the satistic for the
revised basdline that most redistically measures progress toward the survey gods for the North
Galactic Cap and the southern outrigger stripes.

6. Therepetition factor — Theratio of the sum of the Good areas scanned in a given footprint to
the area of the footprint. It isone of the two statistics that are needed to measure progress toward
the survey godsfor the Southern Equatorid dtripe. The other is the footprint satistic.

The basdine projection for sky area covered as afunction of time refers to the category “Unique’—
thisis naturd since the specifics of the stripe-to-gtripe overlap is unknown to the basdine calculation
Thusthe category “Unique’ is useful for evauating our operationd efficiency, whereas the category
“Footprint” is ultimately what counts.

Northern Survey Basdline

The modd is presented in Table A1 and the number of dark hourslisged in Table Al isan
goproximeate average for each quarter of each year for which the northern survey region is available.
The vaues depend on decisons about 1) minimum horizon distance of Sun (nomind -18 deg); 2)
minimum horizon distance of Moon (nomina 0 deg); 3) maximum armass (nomind 2.2); 4) minimum
interva of time for observing on agiven night (nominad 3 hrs). The hours for Q3 are low because of the
frequency of thunderstormsin July and August and the fact that the Northern Gaactic Cap isnot vishle
from APO in September. The observatory will undertake routine maintenance during Q3, and we will
lose one dark run during July and August. (We assume that it will be split between the July and August
dark runs). Moreover, we will generdly schedule the re-duminization of the primary mirror of the 2.5-

m telescope during October since it cannot be done during July and August owing to the demand for



these facilities by Kitt Pesk telescopes. We will inevitably lose part of adark run then. The Q4 hours

have been adjusted for this.

dark

2000 Q1 hrs.
Q2 277
Q3 40
Q4 196
2001Q1 464
Q2 277
Q3 40
Q4 196
2002Q1 464
Q2 277
Q3 40
Q4 196
2003Q1 464
Q2 277
Q3 40
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2004 Q1 464
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Q3 40
Q4 196
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Q2 277
5162

Table A1l. SDSS5-Year Modd Projection — Northern Galactic Cap
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In the basdline plan of April 2000, the spectroscopic survey was expected to start in Q1 of 2001,

owing to the need for a head art for imaging survey. Since the collection of imaging datawhich met

the survey requirements for target selection began in the spring of 1999, it was possible to acquire

spectroscopic data during the commissioning of the spectrographs. Some of this spectroscopic data has

met survey requirements and it isincluded in the Satus reports. Even though this head start allowed

Spectroscopy to begin somewhat earlier than the basdline forecast, the basdline has not been changed.
The 0.3 of the available dark time through Q2 of 2002 reflects the intent to front-load imaging

(assuming, of course, that atmaospheric conditions permit this reaively high fraction). The basdine plan

assumes that that imaging ends before spectroscopy is completed and thus spectroscopy has 100% of the
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available time beginning Q4 of 2004. In practice the proportions will be adjusted as the survey
progresses to yield the best dtrategy for maximizing both the imaging and the spectroscopy survey in
fiveyears.

The “weather” column shows the fraction of time that the weether conditions (clouds, seeing) can
support at least spectroscopic observations. Based on historical records for 3.5-m tel escope operations
a APO, 60% of timeis astronomicaly useful in dl months except for the monsoon months of July and
Augug. In those two months, 40% of the time is astronomicaly useful. In the basdline we assumed that
twenty percent of the astronomicaly useful time is assumed to be photometric with good seeing. Good
seaing is defined to be 1.5 arcseconds or better.

Uptime is the fraction of the observing time that the hardware and the mountaintop software are
working well enough to enable data collection. The steady-state vaue of 90% is a reasonable goa given
our experience so far.

The next columns refer to the efficiencies of data collection, separately for imaging and
spectroscopy. |nevitably sometimewill belost due to the ramps for imaging, focusing, cdibration
exposures for spectroscopy, etc. Theseintervals of lost time can be estimated relatively precisely ahead
of time, and these efficiencies are entered in the “imaging efficiency” and “ spectroscopic efficiency”
columns. Other timeislost due to conditions that are in principle within our control, and these represent
places where we can devise methods to enhance the use of telescopetime. An example of thiswould be
lossof time & the end of anight because arun has finished and insufficient time remains to do anything
ese. Edimates of these factors are entered in the columns headed “imaging operations’ and
“ gpectroscopic operations.”

Theimaging efficiency is edimated asfollows. Early smulations suggested that anight of imaging
would have an average length of 5.8 hours and would typicdly include two runs. Our experienceis a

least roughly consigtent with this expectation. The ramps require about 8 minutes at the beginning and



end of each run, and time must be alocated aso to focus and st the rotator, say 15 minutes per run.
Allowing the setup for the firgt run to have been concluded in the twilight, the best possible efficiency is
then 0.86.

Spectroscopic efficiency assumes 25 minutes lost to cdibrations, cartridge exchange, and field
acquisition for each 45 min plate exposed. That’s an efficiency of 0.65. In April 2000 we were meeting
our god of exchanging a cartridge in less than 10 minutes.

The next columns are estimates of additiond factors that affect how much time we expose on the
sky. For example we can lose time at the beginning or end of anight (or clearing or onset of clouds);
exchanges between imaging and spectroscopy takes additional time; and if the seeing deteriorates during
imaging, it takes time to make a decision concerning a switch to spectroscopy. The vaues shown here,
separately for imaging and spectroscopy, indicate that as the work progresses we will become more
expat in minimizing such losses.

The column labeled endgame anticipates that |ate in the survey, there will be times when none of the
unmapped survey region is available, and we will cover no new area. Currently thisis set equd to 1.0in
al quartersto reflect our intention to optimize the trategy for data collection.

These factors dlow the hours spent in imaging and in spectroscopy to be computed. The CCD
camerascans a an effective rate of 18.75 square degrees per hour in the course of producing a stripe.
The number of square degrees observed is obtained by multiplying the number of hours of imaging by
18.75. Similarly, the net spectroscopic time refers to the actud time integrating on the sky. The number
of plates are obtained in the modd by dividing the hours by 0.75 hours per plate.

After adopting these choices for the efficiencies and other entries, Table A1 shows that 7700 square
degrees will be scanned in five years. (The full survey region of pi steradians or 10,000 square degrees
actudly requires 12,500 square degrees to be scanned, including overlapped area.) Simulations of the

adaptive tiling suggest that 2100 plates are needed; the mode predicts that the number 1540 plates that



can be exposed is 73% of the goal. The fraction between imaging and spectroscopy is pretty well
bal anced.

Aswe gain more experience in survey operations and can refine the dements of this projection, we
will revise the plan accordingly. For the moment, the expected progress shown here serves as a point of
departure for planning, and for congderation of the impact on the core scientific goa's should the five-
year run time be insufficient to cover the full survey area. Such a Stuation is characteristic of ground-
based optica astronomy:  the uncertainty caused by an incorrect projection of weether trends can be as

ggnificant as any falure to predict operationd efficiencies.

Southern Survey Basdline

In the months September, October, and most of November, the North Galactic Cap is not ble
and we concentrate instead on the South Galactic Cap - the Southern Survey. We show two tables (A2
and A3) for the Southern Survey: one table describes the two “outrigger” stripes, and the other
describes the equatorid stripe. This elaboration is motivated to recognize that these are, in fact, distinct

surveys with separate strategies.

Outrigger Survey

Two stripes caled “outriggers’ flank the equatorid stripe. Oneis 108 degrees long (270 square
degrees) and the other is 82 degrees long (205 square degrees). These outrigger Stripes are to be
observed in away smilar to the stripesin the Northern Survey, i.e. imaged once and targeted for
spectroscopy with the same selection criteria. The tota footprint is 475 square degrees. The combined
length of the two outriggersis 190 degrees, with plates separated by typically 2.0 degrees along each of

the two gtripes, it will thus require 95 plates to finish the southern outrigger survey.



Table A2 for the outrigger survey was constructed by taking two-thirds of the available time for Q3,

Q4 of 2000 and Q3 of 2001, then one-third of the time for Q4 2001, and zero time theresfter. The

alocation between imaging and spectroscopy is the same as for the Northern Survey basdine after Q3
2002. All of the other factors are the same as for the Northern Survey basdine. Thismodel yieldsa

projection that by the end of 2001, we expect to have 650 square degrees of imaging and 112 plates,

which are comfortably larger than 475 square degrees and 95 plates, respectively. Henceitisredigicto

expect that we will have finished the southern outrigger survey by the end of 2001.

Table A2. SDSS5-Year Modd Projection — South Outrigger Survey
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The equatoria stripe is 108 degrees long and thus has afootprint of 270 square degrees. The

defining characteridtic of the equatorid survey isthat the stripe will be scanned multiple times during
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the course of five years, and there will be opportunities for adopting a different spectroscopic strategy to
provide information complementary to the other surveys. When the multiple scans are co-added, we
will achieve a correspondingly deeper image of the sky. Moreover, the time series enables a unique
ability to detect objects which vary in brightness or which change postion.

To formulate the basdine for the equatorid survey, in Table A3 the “dark hours’ column is adjusted
for the time alocated to the outrigger survey. The alocation between imaging and spectroscopy is 0.4/
0.6 to reflect a deliberate emphasis on imaging. All of the other factors are the same as for the other
surveys. Thismodd yields a projection that by the end of the five-year survey, in the equatorid survey
we will have imaged 5220 square degrees. Thisis arepest factor of 5220/ 270 = 19. In other words,

we expect to scan the southern equatorid stripe 19 timesin five years.

Table A3. SDSS5-Year Modd Projection — South Equatoria Survey

dark  im. sp. im.  sp. im. sp. No.
2000Q1 hrs. Frac. frac. weath uptime eff. eff. ops. ops. endim. hr. sp. hr. sq.deg. plts
Q2 0.0 0 0.0
Q3 65 0.4 0.6 05 0.9 0.86 0.65 05 025 1 5.0 2.9 94.3
Q4 92 0.4 0.6 06 09 08 065 075 05 1 1238 9.7 240.3
2001Q1 0.0 0.C 0.0
Q2 0.0 0.C 0.0

Q3 65 0.4 0.6 05 09 0.86 0.65 0¢ 09 1 9.1 10.82 169.8

Q4 185 04 06 06 09 086 065 0.8 09 1 309 351 579.9
2002 Q1 00 0C 00
Q2 00 0C 00
Q3 195 04 06 05 09 086 065 0¢ 09 1 272 308 509.4
Q4 277 04 06 06 09 086 065 0.8 09 1 463 525 8683
2003 Q1 00 0C 00
Q2 00 0C 00

Q3 195 0.4 0.6 05 09 0.86 0.65 0¢ 09 1 272 30.& 5094

Q4 277 04 06 06 09 086 065 0.8 09 1 463 525 8683
2004 Q1 00 0C 00
Q2 00 0C 00

Q3 195 04 06 05 09 086 065 0¢ 09 1 272 308 509.4

Q4 277 04 06 06 09 086 065 0.8 09 1 463 525 8683
2005 Q1 00 0C 00
Q2 00 0C 00
1823 278.3 307.8 5217.5
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Note that the projection for the spectroscopic survey in the equatoria stripeis currently unredistic:
410 plates obtained, but it takes only 54 platesto cover the area. A scenario where the exposure times
are increased to 2 hours from 45 minutes, and where with the increased depth we target each tile three
times to sample the larger surface dendty of objects, succeedsin covering the areato that increased
depth infive years. The specific Srategy remains to be determined, however. Up to this point the
gpectroscopy in the equatoria stripe has been done in the same way as for the North and for the

outrigger dtripes.
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